
A. m. 
Nar. 5 

11 
12 
18 ....... 
19 
21 
23 
28. 

M o n t h l y  
means 

cal. cal. .............. 1.43 .............. 1.51 

(*l. 49) ...... .............. 1.31 ............... 1.46 .............. 1.38 

............ 1.42 

.................... 

................... 

1.05 
1.07 

1.10 

.O.M 

1.01 

:l*ol)  

.0.18 

................................. ........................ :.. 
1.00 0.M ............. ................................. ................................. ! i  ................................. ................................. 

(1.06) (0.98) ............. 
*OAO -0.07 ............. 

................................. ................................. 
0.94 .................... 

(0.94) .................... 

-0.13 ....... I ............. 

................................. 

Date. 

Sun's zenith distance. 

0.0' 1 48.3' I 00.11' I 06.5' 1 70.7' I 73.0' I 75.7O 1 77.4- 1 i8.7" 179.8" 
.- 

............ ......I : 

......I : 
0 . a  I ............. 
.................. 
...... i ............. ................... 
.................... 
......I....... 

0371 ............. 
(0.84); ............. 

-0.07 .............. 

1.m 1.02 
1.a5 0.W ...... O.S6 

0.83 0.75 

0.91 ............. 

1.00 0.92 

................... 

0.97 0.91 

I ...... ............ 
............ 

...... 

0.88 
0.94 
0.81 

0 .M 
0.85 

0.85 

A . M .  
Mar 1 

7 
i n  
12 
IS 
m 
21 
25 

as....... 
31 

M o n t h l y  
means 

Departures 
from 11-yenr 
normsl.. 

25 ..... ~~ 

cal. t a l .  ..................... .............. 1.11 ..................... .............. 1.34 .............. 1.27 .............. 1.2~ .............. 1.32 .............. 1.27 

.............. 1 . 5  

.............. .............. 

............ 1.26 

.......... -0 A2 

O.bR 

0.73 

(0.70) 

-0.04 

0.77 

0.52 

1.03 

................... 
0.6G ...... ................... ................... ................... ................... ................... 
0.71 ...... 

(0.68) ...... 

-0.03 ...... 
0.71 0.65 

0.77 0.72 

............. 

................... 

................... 

................... 
0.881 0.82 ...... 

1.18 

1.m 

1.04 
1.01 

I .OS 

10.02 

1. 13 

............. ................... ................... 
1.110 0.92 ............. 1.w 
n.90 ...... 
0.83 ...... 
0.95 0.91 

*o.mo +O.M 

1.02 0.92 

-0.01 I -0.M 

1.18 

1.16 

tO.13 

................... 
1.06 0.97 

1.07 0.99 

+O.I3 +0.13 

t &pi, 1919. MONTHLY WEATHJ3R REVEIW. 
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By HERBERT H. KIPBALL, Profewor of Meteorology, in Charge. 
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For a description of instrumental easposures, and an 
'account of the methods of obtaining and reducing the 
mekurements, the reader is referred to the REVIEW for 
Jdrluary, 1919, 47:4. 

monthly means and departures from normal in 
Tab e 1 show that solar radiation intensities averagecl 
'above the normal at Washin ton, close to normal at 
Lincoln, and below normal at %fadison. 

Table 3 shows deficiencies in the total radiation for 
the month as comparedwith the March normals, amount- 
ing to about 7 per cent at Washington and Lincoln, 
and 10 per cent at Madison. 

Skylight olarization measurements obtained on 6 

TKese are avera e 
days at Was ?l ington give a mean of 63 er cent, with a 

f maximum of 66 er cent on the 12th. 
values for Was ?l ington in March. At  Madison t e 
ground was covered with snow until the 12th. Sk light 
polarization measurements obtained on five days c 9 uring 
the last half of the month give n mean of 60 per cent, 
with a maximum of 65 per cent on the 1Sth. These 
are low values for Maclison in March. 

TABLE l.-8olar radiation infcnalics dumiiy March, 1919. 

[Gram-calories per mlnuta per square centimeter of normal surface.] 

Wnshlngton, D. C. 

Madlson. Wis. 

Sun's zenith distanw. I 

Air mass. 

1 1.0 I 1.5 2.0 3.5 I 4.0 I 4.5 1 5.0 I 5.5 2.5 1 3.0 

cal. 1 cal. 
1.33 1.25 

cal. 
1.38 

1. as 
1.31 
1.16 
1.36 

1. 17 

I .27 

-0.06 

1.33 
1. a1 
1.25 

I37 

-0.08 

..... 

..... 

..-.. 

cal. I cal. I cal. I cal. I e i  
1.19 1.12 1.031 .......I ...... ............ 

1.18 I 1.12 
1.22 1 1.13 

......... ...... 1::: .... 
I35 I .I7 

Departures 
from% ear 
normal  .. _(. .... -0.02 -0.03 

...... 1.07 

I .I8 

-0.06 

1 .os 

-0.11 

Lincoln, Ncbr. 
Air mass. - 

..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 

..... 

..... 
0.90 
0.89 

0.78 
0.65 

..... 

..... ..-.. 
9.80 

-0.01 

- 
1.12 

1.25 
1. i n  

...... ...... ...... ...... 

...... 
1.W 
1.13 

1.14 

-0.08 

1.28 
1.28 

1.16 
1.12 

1.16 

1.20 

...... 

...... 

+0.01 

1.42 
1.48 
1.45 
1.43 
1.46 
1.37 

I 1.26 

I , ...... ...... ...... 

IT-1.5 
- 

2.0 
_- 

4.0 

ral. 
0. Ys 

0. TO 

_- 

...... 
n. S I  

...... ...... ...... ...... ...... n. 79 ...... 
0 .a3 

f O  .03 

0. s4 

0.58 
0.94 
1. u5 
0.94 

0.96 

0.94 

+0.13 

...... 

...... 

- 
__ -- .__ :;. 1 ::. 1 :;:. ................... ................... 

2.5 3.0 3.5 ...... ...... 
1.07 ...... ...... 
...... 
0. 8 i  

0.95 

0.96 

...... 

...... 

-0.05 

1.1.4 
1.11 

1.05 

0.9s 

0.99 

...... 
n. D 
n. 73 

-0.02 

..... ...... 
1.16 ..... ..... ...... 
0.98 

ral. 
1.26 

1.27 
1. 111 
1.22 

1.21 
1.36 
1.14 

I 23 

t4 A7 

1.24 
0.59 
1.29 
1. 17 
1.2; 
1.26 
0. 57 
1.24 

I .I5 

t o  .02 

...... 

...... ...... 

...... 

- 

19.. ......... 
21.. ..-.I::. ... .I ....... 1.22 I:::::: 

1.27 I 1.17 
1.35 I 1.24 

...... 
1.06 

1.07 

-0.04 

1.21 
1.17 

1.13 

u. 52 
1.07 

1.07 

...... 
1.01 

-0.02 

i yr3r nor- 
mal.. ..... .I.. ..... , 

P. H. 
Mar. 10 ...... 1 .......I 1.51 I 1.42 

11 ............. .......I 1.33 
12.. ... -1 . .  ..... 
1R ...... (*1.481 1.36 1.23 
29.. ........................ 
17.. .......... .I. -iii.'- 'i I 

'M: p.. 31 I _._..I h 1 ., ...... 1 1.371 1.27 

1.37 
1. 10 
1.41 
1.34 
1.31 
1.37 

1.35 

1.28 

-0.01 

1. on 
, I .  "1.. J 

lean3 ..... I ....... I 1.41 I 1.31 n ................ 
0.93 I- 0.90 I:: .... Tlrpnrtnrcs 

war --- i r o m  4-1 1 I 
ins1 . . +0.01 I I  +0.02 +o.oz 

* Extrapolated, and reduced t o  mean solar distance. 

* Extrapolated, and reduced to nwan solar distance. 
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Day ofmonth. 

Mar. 1 .......... 
2 .......... 
3 .......... 
4 .......... 
5 .......... 
6 .......... 
7 .......... 
s .......... 
9 .......... 

10 .......... 
11 .......... 
12 .......... 
13 .......... 
14 .......... 
15 .......... 
16 .......... 
18 .......... 
19 .......... 
a0 .......... 
17 .......... 

MdN!C'ECLY WEATHER REVIEW. 

- 
Wash 
ing- 
ton. 

cel. 
385 
372 
362 
357 
63 

441 
397 
m 
208 
4% 

276 
466 
320 

77 
53 
71 

475 
233 
435 

278 

e;;* I 
413 
351 
237 
443 
221 
19R 
3.w 
123 

M I .  eat. 
76 21 
77 94 
64 - 42 w -210 

-241 143 
134 23 
86 - 35 - 22 - 49 

-108 69 
5% I 108 - ss 

tal. - 28 
67 
1 

-117 
85 

-141 
-1iO I - 14 

150 
-%1 I 

cal. 
76 

153 
217 
273 
32 

166 
252 
rnl 
121 
227 

533 
430 
21s 
110 
ms 
509 
552 

- 48 136 
139 70 - 10 -2s5 

-256 --'a9 
- a 3  -259 
-267 -120 - 63 --a08 

564 
499 

133 124 
-113 117 

150 
44 

-174 
-?S4 
-190 

10s 
149 
148 
91 

-115 

179 
318 
30s 
52 

-231 
-498 
-560 
-428 
-540 1 -452 

Date. 

- 
p.m. 

Feb.3  .... 

A. M. 
B.... 

tz. 

cal. 
1.H9 

1.946 

7.. .. 
8.... 
B.... 

lo.... 
ll.... 
12 .... 
13.... 

1.931 
1.976 
1.971 
1.905 
1.909 
1.961 
1.%7 

M.... 
15. ... 
16. ... 
li .... 
I!?.... 
19 .... 

1.959 
1.915 
1.944 

1.9i3 

1.938 
1.961 

cloudiness on every da skce they have been in Calama. 
They are disappomtei by the unexpected amount of 
cloudiness encountered, since daily reports of Cloudiness 
at  Calama as furnished in manuscript by Dr. Walter 
Knoche for the years 1913 and 1914 had indioated 
that more than 200 days in the year would be found 
absolutely cloudless there. "his is ver far  from being 

think, hbwever, that these years are exceptional over a 
lar e portion of the earth. For instance,. at  Mount 
W%on in 1918 the number of suitable obsemng days for 
solar constant purposes was very much less than usual, 
and reports of the same general tendency have come 
from other regions. 

The following table sunimarizes the results of observa- 
tions of cloudiness at  Calama. The observers reached 
the station June 19, md began solar constant observations 
July 27, 1918. 

Cloudiness ond observing at Colama. 

the oase in the years 1918 and 1919. f am inclined to 

TABLE 2,- Vapor presnvss at pyheliomsk.te stations m ws when s o h  
radiation intensities were msaoured. 

Washington, D. C. 11 . Madison, Wls. 11 Lincoln, Nebr. 

Date. I 8 a. m. 1 8 p. m. 
---- 

- 
8 p. m. 
- 
mm. 

1.60 
3.45 
5.56 
5.36 
4.17 
4.17 

7.29 
5.16 
7.117 
9.14 
3 . 0  

a. n? 

........ ........ 
- 

-- 
Date. 8a.m. 
-- 

mm. 
1.02 
3.63 
3.30 
4.17 
3.81 
4.37 
3.99 
4.37 
2.16 
4.37 
6.50 
3.63 

I 

........ ........ 

Date. 8 a. m. 

1919. 
Mar. 1 

6 
7 

10 
12 
18 
a0 
21 
22 
24 
25 
28 
29 
31 

nnn. 
4.75 
3.30 
3.81 
3.83 
3.83 
5.58 
6.76 
5.56 
3.99 
3.15 
3.30 
2.49 
2.26 
2.38 - 

TABLE 3.-Doily totab and do artiuea of aolar and sky radiation dzci-hg 
&arch, 1919. 

[Gram-calories per square centimeter of horizontal surface.] 
Number of days. I Departures from Excess or deficiency 

since flrst of month. il Daily totals. - 
GWW- -- 

Lin- 
coln. 
-- 
ral. - zq 

39 
40 - 77 

S - 133 
-303 
-317 
-565 - 41s 

-m 
-224 
-396 
-6w 
-870 
- ?6? 
- b13 
-465 - 374 
-4H9 

- 71 

-412 
-404 
-366 
-659 
-967 
-95.5 
-919 
-840 
-7M 
-972 
-763 

-274 

-1,349 - 5.1 - 

- 

Kadi- 
8011. 

Lin- Wash- 
eoln. I ington. 
-I I - Madi- 

son. 

- 
tal. 

21 
115 
73 - 137 
6 

m 
- 6  
-55 

14 
- 74 

62 
132 

-153 
-402 
-671 
-791 
-997 
4 7 3  
-756 
-728 

-655 

-55s 
- 4 s  
-355 
-315 
-507 
-735 
-598 
-47d 
-641 
-924 - 9w 

-251 

-2,344 - 10.; 
- 

a 
5 

10 
12 
11 
11 
10 

I 
I ................ 

24 31 
30 23 
31 19 !! ~ 

eal. 
309 
385 
252 
85 

445 
329 
!a75 
265 
387 
234 

462 
400 
49 
89 
i 3  

238 
144 
478 
47s 
389 

191s. 
June ....................... 
July ........................ 
August ..................... 
September ................. 
Octoher.. .................. 
November. 
December.. ................ ................. I 

9 
8 
2 

13 
11 
10 
11 

13 
8 

85 
- 
- 

1 ........ 
1s ........ 
10 9 

2 ii : 
3 ,  7 

i 1919. 
January.. .................. 12 
February .................. 1 ii 1 1 ii i I 1 13 

!------ 

Totd ................. I 1551 2171 G :  391 88 
-. 

Cloudless+half days cloudless+few clouds-0,M7. o??z?Sefved, 
.4vaiIable 0'715' . Total number of days 

Solar radiation observations. 

:rade. 

__  - 
rans- 
mis- 
sion 

:ient 
it 0.5 
mi- 
m s .  

mm- 

... 

I. sB1 

. a52 

. R63 

.86l 

.85H 

.552 

.GO 

.E46 

.831 

. s11 .so 

.831 

. s57 

.!Fly . s37 

. s62 

.851 

. S61 

.m 

.a4 

- 

hmidity, airmass3. 
Decade departure. ......... - 

-1. 
EUm. 

....... -679 

77 -347 
- 82 -472 

108 -333 
-273 -644 
-305 -5m 

12 -720 
36 -942 
79 4 4 7  
76 -734 

-% -744 
209 -716 

.................... _- 

h o  

- 

I. 35s 

. 3 n  

.452 

.512 

.4i3 

.4s2 

.446 

.351 

.323 

.3i3 

.328 

.357 

.394 

.452 

.511 

.500 

.441 

.449 

.427 

.317 

__ 

Remarks. 21 .......... 454 n .......... 226 
23 .......... 402 
24 .......... 45 
25 .......... 4fio as .......... 160 
27 .......... 140 
23 .......... 460 
28 .......... 480 
30 .......... 360 
31 .......... 400 

537 
505 
4.2 
41s 
190 
157 
526 
515 
251 
97 

34s 

v. F. 

VG 

E- 

E- 
VG 
E- 
E- 
VG 
VG- 
VG+ 
vi: - vi;- 
VI:- 

E- 
vr. 
VI: .t 

vo + 
VI.: 

VG+ 

E 
G-  

ena. 
0.53 

.39 

.36 

.31 

.37 

.48 

.37 

.5s  

.60 

.66 

.74 

.64 

.48 

.49 

.35 

.35 

.49 

.36 

.32 

.75 

- 

%24 

33 

32 
30 
46 
53 
39 
56 
57 

66 
70 
66 

52 

46 
31 

32 

19 

29 

29 
37 

-- 

Gonslderable clrms and cu- 
mulus in east, south and 
north. 

Cloudless except cirri along 
eastern horizon. 

Thin cirri scattered over sky. 
Cirri in west and east. 
Few cumuli in south and 

MEASUBEMENTS OF THE SOLAB CONSTANT OF BADIA- 
TION AT CAUMA, CHILE. 

[Dated: Washington, D. C., Apr. 17, 1919.1 
By DR. C. G. ABBOT. 

In continuation of the publioation be un last month, I 

of the solar constant of radiation whiich were made by 
the Smithsonian observers, Messrs. A. F. Moore and 
L. H. Abbot, a t  Calama, Chile, in the month of February, 
1919. 

The arrangement of the observations in the table is the 
same as that employed in the precedin communication, 
and is fully explalned in the MONTHLY E EAT HER REVIEW 
for Februar 1919,47:85-87. 

observers notes covering their observations of the 

communicate the following results of t % e measurements 

Since my T ast communication, I have received from the 

west. 

W k  of cirrns in east. 23. in north and west,dia- 
appearing in east. 

Cloudless exeept small cii- 
mull disappearhg in west. 

Thin cirri on northern and 
eastern horizon. 

Cirrus in west early in morn- 
ing. 

Cirri and some cumuli In 
north, east, and south. 

A . M .  
Thin cirri sarttered about 
north and west, and mov- 
ing mt. 

Bank of cumulus in east. 
Cumuli scattered in other 
quarters. 

P. M. 
26 ....I 1.915 
27 .... 1 1.691 


